Although a flat glucose tolerance test has long been regarded as one of the hallmarks of idiopathic steatorrhoea (Thaysen, 1926) , there have been only a few attempts to measure glucose absorption more directly in this condition. On the few occasions on which this has been done, by using intestinal intubation, glucose absorption has been found to be only a fraction of that in normal persons (Groen, 1938; Fordtran, Levitan, Bickerman, Burrows, and Ingelfinger, 1961;  Schedl and Clifton, 1961) but not to correlate with the degree of flattening of the glucose tolerance curves on the same patients (Taylor and Wightman, 1952) .
Fructose absorption has not been directly studied in idiopathic steatorrhoea, although it has been claimed on the basis of blood tolerance tests that fructose absorption is unaffected, while glucose absorption is defective (Maegraith, Adams, Havard, King, and Millet, 1945) .
In this paper the results are reported of a study of glucose, fructose, and water absorption from the jejunum of patients with idiopathic steatorrhoea, and these are compared with those found using an identical perfusion technique in normal subjects . The findings before and after treatment with a gluten-free diet are discussed in relation to the clinical response of these patients, the appearance of jejunal biopsies, and standard tests of small intestinal function.
METHODS
isotonic by adding an appropriate amount of sodium chloride, is pumped into the jejunum at a constant flow rate of 20 ml./min. through a hole in one lumen immediately distal to the duodeno-jejunal flexure (Fig. 1) , which is modified from I a method described by Schedl and Clifton (1961 ethylene glycol, which is included in the infused solution at a concentration of 0 5 g./100 ml. Determination of the concentration of polyethylene glycol and of sugar in the aspirated fluid enables the actual amount of sugar absorbed to be calculated using the formula indicated in Figure 1 . In each patient studied, glucose and fructose absorption was studied from varying concentrations of sugar, so that an indication of the kinetics of the process involved could be obtained. For each concentration infused, two successive 10-minute samples were collected for analysis after the equilibration period, and the mean of the absorption rate in these periods was used in calculating the final results. There was often a discrepancy between the absorption rates calculated in the two collection periods, and the mean discrepancy found in all perfusions using glucose solutions is shown in Table I , where it is compared with similar data from perfusions in normal subjects. The actual discrepancy at each concentration is very similar in normal subjects and patients with idiopathic steatorrhoea. Due to the smaller amount absorbed, however, this results in a much greater percentage variation in subjects with idiopathic steatorrhoea. Very similar results were obtained when fructose absorption was studied. This method cannot therefore be used to determine minor changes in absorption in this condition, but in practice the changes found either as variation from normal, or improvement with treatment, were much greater than the possible error involved. CHEMICAL METHODS Polyethylene glycol was determined by the method of Hyden (1956) . Glucose and fructose were determined on the Technicon AutoAnalyzer using a method based on the reduction of potassium ferricyanide (Hoffman, 1937 evidence of malabsorption, for example, megaloblastic anaemia, steatorrhoea, or osteomalacia, and in each case a jejunal biopsy, obtained by a Crosby capsule (Crosby and Kugler, 1957) which showed stunted or absent vili. The mean daily faecal fat excretion over at least a six-day period on the normal ward diet was determined (van de Kamer, ten Bokkel Huinink, and Weyers, 1949), the upper limit of normal in this laboratory being 5-5 g. daily (2-9 ± 2-5 mean ± 2 S.D.). The xylose tolerance test was carried out as described by Christiansen, Kirsner, and Ablaza (1959) using a 25 g. dose, and collecting urine for five hours. An excretion of 4-2 g. was taken as the lower limit of the normal, and one blood level of xylose at one and a half hours after the oral dose was measured as a check on renal function, being greater than 35 mg./ 100 ml. in cases with normal absorption.
RESULTS

MEAN GLUCOSE AND FRUCTOSE ABSORPTION The
mean results of the glucose and fructose perfusion tests in the proximal jejunum of patients with idiopathic steatorrhoea in relapse are shown in Figure 2 . As would be expected, the absorption of both monosaccharides is depressed, the extent of this depression varying from 60% (fructose perfused at a concentration of 2-5 % and 5 %) to 80% (glucose perfused at a concentration of 0-5 % and 1.0 Y.).
In normal subjects, the absorption of glucose under these conditions approaches a maximum, and in fact follows Michaelis-Menten kinetics, suggesting saturation of a special transport system, whereas fructose absorption bears a linear relationship to the concentration infused . The differing kinetics of the two sugars would appear to be maintained in idiopathic steatorrhoea, as glucose absorption does not change significantly as the infused glucose concentration is increased from 2-5 g./100 ml. to 5-0 g./100 ml. On the other hand, fructose absorption doubles over the same range. In spite of the wide individual scatter, reflected by the large standard error, this increase is Glucose andfructose absorption in idiopathic steatorrhoea to the findings in normal subjects only slightly more stunted and broader than normal.
Patient 2 failed for social reasons to adhere n the rise in individual strictly to a gluten-free regime. His jejunal mucosa ired t test (p < 005).
did not improve, and glucose absorption remained ictose is absorbed more subnormal. hen perfused at a conPatient 3, who has been reported in more detail ml. is not statistically elsewhere (Dawson, Holdsworth, and Pitcher, 1964) , made an excellent clinical recovery, and her xylose test and faecal fat excretion indicated normal Mean net water absorp-absorption. Jejunal biopsy, however, revealed with idiopathic steator-considerable residual abnormality in the jejunum in Figure 3 . At no con-and this was reflected by grossly defective glucose there net water absorp-absorption. :endency for net water Grossly defective glucose absorption was also in spite of significant seen in patients 4, 5, and 6 before treatment. At this from the same solutions. time all three patients had steatorrhoea and suffered t water absorption is not from varying degrees of diarrhoea and nutritional zero, in marked contrast disturbances. Jejunal biopsies from each patient showed complete absence of villi when examined Of the five patients in whom glucose absorption perfusion of glucose and was studied after dietary treatment, therefore, it was nts net water absorption; normal in one, at the lower limit of normal in one, on (mean ± S.E.M. 'Calculated as mean absorption from solutions of 4 3 g./100 ml. and 5-0 g./100 ml. concentrations.
water absorption paralleled closely changes in glucose absorption, and only returned completely to normal in patient 1.
DISCUSSION
The reproducibility of the perfusion technique used in these studies is not so good in patients with idiopathic steatorrhoea as in normal subjects. In spite of this, it is probably the best technique available at the moment for the direct study of absorption of water-soluble materials such as sugars. Schedl and Clifton (1961) studied the kinetics of glucose absorption in two patients with idiopathic steatorrhoea, and from their report, which was only in abstract form, it would appear that they also found that it followed saturation kinetics. Absent or defective water absorption in the jejunum of patients with idiopathic steatorrhoea (Fordtran et al., 1961) and also in children with coeliac disease (Borgstrom, Lindquist, and Lundh, 1961) has been reported previously. To compensate for this, there is a greater net water absorption in the ileum of these patients than in normal subjects (Schedl and Clifton, 1963 The relative degree of impairment of glucose and fructose absorption in idiopathic steatorrhoea is of some interest in view of the suggestions that fructose absorption is the less severely affected by sprue (Maegraith et al., 1945 
SUMMARY
By studying the absorption of glucose and fructose in the upper jejunum of patients with idiopathic steatorrhoea, it was possible to demonstrate that the different kinetics of absorption of these sugars seen in normal subjects still obtain. This suggests that the impairment of absorption is largely due to the diminished mucosal surface area in this condition. It was confirmed that there is a tendency for net accumulation of fluid to occur in the jejunum of patients with this disease, even when glucose is being absorbed to a significant extent. Glucose absorption measured by the perfusion technique was capable of revealing persisting functional abnormality in the upper jejunum after other absorption tests, such as the standard xylose absorption method, which assess the function of the small intestine as a whole, had returned to normal.
